
A S H G R O V E C E M E N T C O M P A N Y

SEATTLE, UA 98134

INTER-OFFICE MEMORANDUM

Date: December 10, 1991

To: Jim Post From: Nate Fernow

Copies to: Hans Steuch Subject: Mix Designs

Attached are several different mix design calculations made to compare
the usage of different raw materials. All price information are
estimations.

Mix # Description (intent)
1 Use of Centrailia Power Plant's bottom ash, Type II
2 Use of Centrailia Power Plant's bottom ash, Type I

3 Use of Castle Rock clay to maintain CjA & LA, Type II
4 Use of Castle Rock clay to maintain C^A & LA, Type I

5 Use of Castle Rock clay at 100%, Type II
6 Use of Castle Rock clay at 100%, Type I

IT Control mix for cost using Pacific Coast clay, Type II
2T Tacoma PUD bottom ash usage cost impact at $5 per ton
3T Control mix for cost using Pacific Coast clay, Type I
4T Tacoraa PUD bottom ash usage cost impact at $5 per ton
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SEATT
TYPE II MIX

DATE

SAMPLE IDENT#

SOURCE OF —

LE

12/10/91

LIMESTONE

CaO/MgO

MOISTURE FREE COST $6.09

Fraction (raw/elk ton) 1 .2550
Che leal Analysis
SI02
AI203
F6203
CaO
MgO
SO3
Loss
Na2O
K20
Total Alkali
TOTAL

Silica Ratio
A7F Ratio
Li e Sat. Factor

CSS
C2S
C3A
C4AF

2.38
0.88
0.58

50.96
2.06
0.28

42.66
0.08
0.05
0.11

99.93

1.63
1.52

6.126

182.6
-131.0

1.4
1.8

TONS/YEAR BASED ON: 564,750

SUPERIOR

SIO2

$14.58

0.1330

95.00
1.20
2.20
0.30
0.10
0.20
0.60
0.02
0.02
0.03

99.64

27.94
0.55

0.001

-732.0
824.6
-0.5

6.7

59,850

PAC. CST

AI2O3

$8.70

0.0000

54.00
18.40
6.40
3.40
2.70
0.10

11.70
1.80
1.50
2.79

100.00

2.18
2.88

0.018

-529.3
554.1

37.9
19.5

0

L-BAR

AI2O3

$9.78

0.0000

66.90
16.80
5,00
1.60
0.80
0.05
6.29
0.20
2.49
1.84

100.13

3.07
3.36

0.007

-621.9
661.0

36.1
15.2

0

KANKAT

AI2O3

$10.75

0.0000

41.00
32.00
12.00
0.50
0.50
0.00

14.00
0.05
0.28
0.23

100.33

0.93
2.67

0.003

-541.7
526.2

64.5
36.5

0

FeORE

F6203

$10.20

0.0175

8.00
3.00

88,00
2.60
0.10
0.05

-3.30
0.07
0.04
0.10

98.56

0.09
0.03

0.045

-196.2
171.0

-140.9
267.8

7,875

CASTL RK

AI203

$18.95

0.0000

35.00
41.00

1.00
4.00
1.50
0.30

16.50
0.00
0.00
0.00

99.30

0.83
41.00
0.024

-526.6
497.6
107.0

3.0

0

GAS

CtMTe«it»*

BOTTOM

ASH

$1.18

0.1240

53.20
28.70

5.40
7.20
1.90
0.00
0.50
3.00
0.48
3.32

100.38

1.56
5.31

0.036

-575.5
586.7

66.9
16.4

55,800

I

FIRED

FUEL

ASH

0.0000

53.60
27.20

4.90
4.20
1.90
2.90
0.00
0.71
1.40
1.63

96.81

1.67
5.55

0.021

-580.0
591.2

63.8
14.9

CLINKER

$9.909

1.5295

22.36
4.88
3.23

64.93
2.84
0.38
0.20
0.48
0.13
0.56

99.41

2.76
1.51

0.905

57.0
21.1

7.5
9.8

450,000 TONS OF CLINKER PER YEAR

MOISTURE AS RCVD. 1.5
AS RECEIVED PRICES: $6.00

H2O CORRECTED TONS: 573,350

4.0
$14.00
62,344

8.0
$8.00

0

B.O
$9.00

0

7.0
$10.00

0

2.0
$10.00
8,036

5.0
$18.00

0

15.0
$1.00

65,647

o
o
o
o
o
o



SEATTLE
TYPE I MIX

DATE 12/10/91

I

GAS FIRED

SAMPLE IDENT # LIMESTONE SUPERIOR PAG. CST

SOURCE OF

MOISTURE FREE COST

Fraction (raw/elk ton)
Che ical Analysis
Si02
AI2O3
Fe203
CaO
MgO
S03
Loss
Na2O
K2O
Total Alkali
TOTAL

Silica Ratio
A/F Ratio
Li e Sat. Factor

C3S
C2S
C3A
C4AF

TONS/YEAR BASED ON:

CaO/MgO

$6.09

1.2650

2.38
0.88
0.58

50.96
2.06
0.28

42.66
0.08
0.05
0.11

99.93

1.63
1.52

6.126

182.6
-131.0

1.4
1.8

569,250

SI02

514.58

0.1300

95.00
1.20
2.20
0.30
0.10
0.20
0.60
0.02
0.02
0.03

99.64

27.94
0.55

0.001

-732.0
824.6
-0.5

6.7

58,500

AI203

$8.70

0.0000

54.00
18.40

6.40
3.40
2.70
0.10

11.70
1.80
1.50
2.79

100.00

2.18
2.88

0.018

-529.3
554.1
37.9
19.5

0

L-BAR

AI2O3

$9.78

0.0000

66.90
16.80

5.00
1.60
0.80
0.05
6.29
0.20
2.49
1.84

100.13

3.07
3.36

0.007

-621.9
661.0
36.1
15.2

0

KANKAT

AI2O3

$10.75

0.0000

41.00
32.00
12.00
0.50
0.50
0.00

14.00
0.05
0.28
0.23

100.33

0.93
2.67

0.003

-541.7
526.2
64.5
36.5

0

FeORE CASTLRK

Fe203

$10.20

0.0165

8.00
3.00

88.00
2.60
0.10
0.05

-3.30
0.07
0.04
0.10

98.56

0.09
0.03

0.045

-196.2
171.0

-140.9
267.8

7,425

AI2O3

$18.95

0.0000

35.00
41.00

1.00
4.00
1.50
0.30

16.50
0.00
0.00
0.00

99.30

0.83
41.00
0.024

-526.6
497.6
107.0

3.0

0

Ce*Ta.aiUft

BOTTOM

ASH

$1.18

0.1240

53.20
28.70

5.40
7.20
1.90
0.00
0.50
3.00
0.48
3.32

100.38

1.56
5.31

0.036

-575.5
586.7

66.9
16.4

55,800

FUEL

ASH

0.0000

53.60
27.20

4.90
4.20
1.90
2.90
0.00
0.71
1.40
1.63

96.81

1.67
5.55

0.021

-580.0
591.2
63.8
14.9

C LINKER

$9.916

1.5355

22.09
4.88
3.14

65.44
2.86
0.38
0.20
0.48
0.13
0.56

99.59

2.75
1.55

0.922

61.3
17.1
7.6
9.6

450,000 TONS OF CLINKER PER YEAR

MOISTURE AS RCVD.
AS RECEIVED PRICES:

H20 CORRECTED TONS:

1.5
$6.00

577,919

4.0
$14.00
60,938

8.0
$8.00

0

8.0
$9.00

0

7.0
$10.00

0

2.0
$10.00
7,577

5.0
$18.00

0

15.0
$1.00

65,647

o
o
o
o
o



SEATTLE
TYPE 11 MIX

DATE

GAS FIRED

12/10/91 -V- TACOMA

SAMPLE IDENT# LIMESTONE SUPERIOR PAC. CST

SOURCE OF —

MOISTURE FREE COST

rraction (raw/elk ton)
Che ical Analysis
Si02
AI2O3
Fe2O3
CaO
MgO
S03
Loss
Na20
K2O
Total Alkali
TOTAL

Silica Ratio
A/F Ratio
Li e Sat. Factor

C3S
C2S
C3A
C4AF

TONS/YEAR BASED ON:

CaO/MgO

$6.09

1 .2630

2.38
0.88
0.58

50.96
2.06
0.28

42.66
0.08
0.05
0.11

99.93

1.63
1.52

6.126

182.6
-131.0

1.4
1.8

2,779

SI02

$14.58

0.1050

95.00
1.20
2.20
0.30
0.10
0.20
0.60
0.02
0.02
0.03

99.64

27.94
0.55

0.001

-732.0
824.6
-0.5

6.7

231

AI203

$8.70

0.1630

54.00
18.40
6.40
3.40
2.70
0.10

11.70
1.80
1.50
2.79

100.00

2.18
2.88

0.018

-529.3
554.1
37.9
19.5

359

L-BAR

AI2O3

$9.78

0.0000

66.90
16.80
5.00
1.60
0.80
0.05
6.29
0.20
2.49
1.84

100.13

3.07
3.36

0.007

-621.9
661.0
36.1
15.2

0

KANKAT

AI2O3

$10.75

0.0000

41.00
32.00
12.00
0.50
0.50
0.00

14.00
0.05
0.28
0.23

100.33

0.93
2.67

0.003

-541.7
526.2
64.5
36.5

0

FeORE CASTLRK

Fe203

$10.20

0.0130

8.00
3.00

88.00
2.60
0.10
0.05

-3.30
0.07
0.04
0.10

98.56

0.09
0.03

0.045

-196.2
171.0

-140.9
267.8

29

AI2O3

$18.95

0.0140

35.00
41.00

1.00
4.00
1.50
0.30

16.50
0.00
0.00
0.00

99.30

0.83
41.00
0.024

-526.6
497.6
107.0

3.0

31

BOTTOM

ASH

($5.43)

0.0000

47.50
20.00

3.50
17,00
2.50
3.46
3.28
1.70
2.75
3.51

101.69

2.02
5.71

0.102

-431.2
461.4
47.1
10.7

0

FUEL

ASH

0.0000

53.60
27.20

4.90
4.20
1.90
2.90
0.00
0.71
1.40
1.63

96.81

1.67
5.55

0.021

-580.0
591.2
63.8
14.9

CLINKER

$11.040

1.5580

22.38
4.85
3.16

65.04
3,07
0.40
0.20
0.40
0.31
0.60

99.81

2.79
1.53

0.906

57.6
20.7
7.5
9.6

2,200 TONS OF CLINKER

MOISTURE AS RCVD.
AS RECEIVED PRICES:

H20 CORRECTED TONS:

1.5
$6.00
2,821

4.0
$14.00

241

8.0
$8.00

390

8.0
$9.00

0

7.0
$10.00

0

2.0
$10.00

29

5.0
$18.00

32

8.0
($5.00)

0

CD
O
—k.

O
o
o
o
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SEATTLE
TYPE 1 MIX

DATE 12/10/91

SAMPLE IDENT # LIMESTONE

GAS FIRED

V- TACOMA

SUPERIOR PAC. CST L-BAR

SOURCE OF CaO/MgO SIO2 AI2O3 AI203

MOISTURE FREE COST $6.09 $14.58 $8.70 $9.78

Fraction (raw/elk ton) 1.2680 0.1010 0.1630 0.0000
Che ical Analysis
Si02 2.38 95.00 54.00 66.90
AI2O3 0.88 1.20 18.40 16.80
F6203 0.58 2.20 6.40 5.00
CaO 50.96 0.30 3.40 1.60
MgO 2.06 0.10 2.70 0.80
SO3 0.28 0.20 0.10 0.05
Loss 42.66 0.60 11.70 6.29
Na2O 0.08 0.02 1.80 0.20
K2O 0.05 0.02 1.50 2.49
Total Alkali 0.11 0.03 2.79 1 .84
TOTAL 99.93 99.64 100.00 100.13

Silica Ratio 1.63 27.94 2.18 3.07
A/F Ratio 1.52 0.55 2.88 3.36
Li e Sat. Factor 6.126 0.001 0.018 0.007

C3S 182.6 -732.0 -529.3 -621.9
C2S -131.0 824.6 554.1 661.0
C3A 1.4 -0.5 37.9 36.1
C4AF 1.8 6.7 19.5 15.2

TONS/YEAR BASED ON: 2,790 222 359 0

KANKAT

AI2O3

$10.75

0.0000

41.00
32.00
12.00
0.50
0.50
0.00

14.00
0.05
0.28
0.23

100.33

0.93
2.67

0.003

-541.7
526.2

64.5
36.5

0

FeORE CASTLRK

Fe203

$10.20

0.0130

8.00
3.00

88.00
2.60
0.10
0.05

-3.30
0.07
0.04
0.10

98.56

0.09
0.03

0.045

-196.2
171.0

-140.9
267.8

29

AI2O3

$18.95

0.0140

35.00
41.00

1.00
4.00
1.50
0.30

16.50
0.00
0.00
0.00

99.30

0.83
41.00
0.024

-526.6
497.6
107.0

3.0

31

BOTTOM

ASH

($5.43)

0.0000

47.50
20.00

3.50
17.00
2.50
3.46
3.28
1.70
2.75
3.51

101.69

2.02
5.71

0.102

-431.2
461.4

47.1
10.7

0

FUEL

ASH

0.0000

53.60
27.20

4.90
4.20
1.90
2.90
0.00
0.71
1.40
1.63

96.81

1.67
5.55

0.021

-580.0
591.2

63.8
14.9

CLINKER

$11.012

1.5590

22.01
4.85
3.16

65.29
3.08
0.40
0.20
0.40
0.31
0.60

99.70

2.75
1.54

0.923

61.4
16.7
7.5
9.6

2,200 TONS OF CLINKER

MOISTURE AS RCVD. 1.5 4.0 8.0 8.0
AS RECEIVED PRICES: $6.00 $14.00 $8.00 $9.00

H20 CORRECTED TONS: 2,8321 231 390 0

7.0
$10.00

0

2.0
$10.00

29

5.0
$18.00

32

8.0
($5.00)

0
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SEATTLE
TYPE II MIX

DATE

GAS FIRED

12/10/91 ,coro TACOMA

SAMPLE IDENT# LIMESTONE SUPERIOR PAC.CST

SOURCE OF -~

MOISTURE FREE COST

Fraction (raw/elk ton)
Che ica! Analysis
Si02'
AI203
F6203
CaO
MgO
SO3
Loss
Na2O
K2O
Total Alkali
TOTAL

Silica Ratio
A/F Ratio
LJ e Sat. Factor

C3S
C2S
C3A
C4AF

TONS/YEAR BASED ON:

CaO/MgO

$6.09

1 .2700

2.38
0.88
0.58

50.96
2.06
0.28

42.66
0.08
0.05
0.11

99.93

1.63
1.52

6.126

182.6
-131.0

1.4
1.8

2,794

SI02

$14.58

0,1710

95.00
1.20
2.20
0.30
0.10
0.20
0.60
0.02
0.02
0.03

99.64

27.94
0.55

0.001

-732.0
824.6
-0.5

6.7

376

AI203

$8.70

0.0000

54.00
18.40
6.40
3.40
2.70
0.10

11.70
1.80
1.50
2.79

100.00

2.18
2.88

0.018

-529.3
554.1

37.9
19.5

0

L-BAR

AI2O3

$9.78

0.0000

66.90
16.80
5.00
1.60
0.80
0,05
6.29
0.50
2.49
2.14

100.43

3.07
3.36

0.007

-621.9
661.0

36.1
15.2

0

KANKAT

AI2O3

$10.75

0.0000

41.00
32.00
12.00
0.50
0.50
0.00

14.00
0.05
0.28
0.23

100.33

0.93
2.67

0.003

-541.7
526.2

64.5
36.5

0

FeORE CASTLRK

Fe203

$10.20

0.0220

8.00
3.00

88.00
2.60
0.10
0.05

-3.30
0.07
0.04
0.10

98.56

0.09
0.03

0.045

-196.2
171.0

-140.9
267.8

48

AI2O3

$18.95

0.0850

35.00
41.00

1.00
4.00
1.50
0.30

16.50
0.03
0.10
0.10

99.43

0.83
41.00
0.024

-526.6
497.6
107.0

3.0

187

BOTTOM

ASH

($5.43)

0.0000

47.50
20.00

3.50
17.00
2.50
3.46
3.28
1.70
2.75
3.51

101.69

2.02
5.71

0.102

-431.2
461.4

47.1
10.7

0

FUEL

ASH

0.0000

53.60
27.20

4.90
4.20
1.90
2.90
0.00
0.71
1.40
1.63

96.81

1.67
5.55

0.021

-580.0
591.2

63.8
14.9

CUNKER

$12.065

1.5480

22.42
4.87
3.13

65.17
2.76
0.42
0.20
0.11
0.08
0.16

99.16

2.80
1.56

0.906

57.7
20.8

7.6
9.5

2,200 TONS OF CLINKER

MOISTURE AS RCVD.
AS RECEIVED PRICES:

H2O CORRECTED TONS:

1.5
$6.00
2,837

4.0
$14.00

392

8.0
$8.00

0

8.0
$9.00

0

7.0
$10.00

0

2.0
$10.00

49

5.0
$18.00

197

8.0
($5.00)

0
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SEATTLE
TYPE 1 MIX

DATE

SAMPLE IDENT #

SOURCE OF --

MOISTURE FREE COST

Fraction (raw/elk ton)
Che ical Analysis
SI02
AI2O3
Fe2O3
CaO
MgO
SO3
Loss
Na2O
K2O
Total Alkali
TOTAL

Silica Ratio
A/F Ratio
Lt e Sat. Factor

C3S
C2S
C3A
C4AF

TONS/YEAR BASED ON:

GAS FIRED

12/10/91 ££)7o TACOMA

LIMESTONE SUPERIOR PAC. CST

CaO/MgO

$6.09

1 .2800

2.38
0.88
0.58

50.96
2.06
0.28

42.66
0.08
0.05
0.11

99.93

1.63
1.52

6.126

182.6
-131.0

1.4

1.8

2,816

SI02

$14.58

0.1680

95.00
1.20
2.20
0.30
0.10
0.20
0.60
0.02
0.02
0.03

99.64

27.94
0.55

0.001

-732.0
824.6
-0.5

6.7

370

AI203

$8.70

0.0000

54.00
18.40
6.40
3.40
2.70
0.10

11.70
1.80
1.50
2.79

100.00

2.18
2.88

0.018

-529.3
554.1
37.9
19.5

0

L-BAR

AI203

$9.78

0.0000

66.90
16.80
5.00
1.60
0.80
0.05
6.29
0.50
2.49
2.14

100.43

3.07
3.36

0.007

-621.9
661.0
36.1
15.2

0

KANKAT

AI2O3

$10.75

0.0000

41.00
32.00
12.00
0.50
0.50
0.00

14.00
0.05
0.28
0.23

100.33

0.93
2.67

0.003

-541.7
526.2
64.5
36.5

0

Fe ORE CASTL RK

Fe203

$10.20

0.0220

8.00
3.00

88.00
2.60
0.10
0.05

-3.30
0.07
0.04
0.10

98.56

0.09
0.03

0.045

-196.2
171.0

-140.9
267.8

48

AI2O3

$18.95

0.0850

35.00
41.00

1.00
4.00
1.50
0.30

16.50
0.03
0.10
0.10

99.43

0.83
41.00
0.024

-526.6
497.6
107.0

3.0

187

BOTTOM

ASH

($5.43)

0.0000

47.50
20.00
3.50

17.00
2.50
3.46
3.28
1.70
2.75
3.51

101.69

2.02
5.71

0.102

-431.2
461.4
47.1
10.7

0

FUEL

ASH

0.0000

53.60
27.20
4.90
4.20
1.90
2.90
0.00
0.71
1.40
1.63

96.81

1.67
5.55

0.021

-580.0
591.2
63.8
14.9

CLINKER

$12.082

1 .5550

22.16
4.88
3.13

65.68
2.78
0.42
0.20
0.11
0.08
0.16

99.43

2.77
1.56

0.923

61.7
17.0
7.6
9.5

2.200 TONS OF CLINKER

MOISTURE AS RCVD.
AS RECEIVED PRICES:

H20 CORRECTED TONS:

1.5
$6.00
2,859

4.0
$14.00

385

8.0
$8.00

0

8.0
$9.00

0

7.0
$10.00

0

2.0
$10.00

49

5.0
$18.00

197

8.0
($5.00)

0


